To test the inference, arising from circumstantial evidence, that Richardson's ground squirrels (Spermophilus richardsonii (Sabine, 1822)) frequently depredate eggs of greater sage-grouse (Centrocercus urophasianus (Bonaparte, 1827)), gape size was measured and the response of free-living squirrels to three sizes of eggs was observed. Maximum gape measured on carcasses was 26 mm and functional gape assessed from tooth imprints in artificial clay eggs was 17 mm. Squirrels left imprints in 46 of 110 clay eggs, but whether tested with domestic fowl (Gallus gallus (L., 1758)) or ring-necked pheasant (Phasianus colchicus L., 1758) eggs that approximated the maximum width of sagegrouse eggs or with much smaller Japanese quail (Coturnix japonica Temminck and Schlegel, 1849) eggs that approximated maximum gape, no squirrels (28 adults and at least 28 juveniles) spontaneously depredated eggs, even after multiple exposures. When re-tested with damaged eggs, 15 of 16 adult females scavenged contents, though usually not on their first exposure. After scavenging damaged eggs, 2 of 12 squirrels opened a few intact eggs, but only quail eggs and usually only if the shell was rough. Although Richardson's ground squirrels are potential scavengers of large damaged eggs and likely they could depredate small eggs, the inference from circumstantial evidence that they are major predators of greater sage-grouse eggs remains unsubstantiated.
Introduction
Despite mounting evidence from surveillance studies indicating that both real and artificial nests are often visited by multiple species (Leimgruber et al. 1994; Maier and DeGraaf 2000; Pietz and Granfors 2000; Vander Haegen et al. 2002; Williams and Wood 2002) , many researchers use indirect evidence to identify predators and, in the absence of corroborating behavioural observations, potentially confuse primary predators capable of breaking intact eggs with secondary scavengers that feed on damaged eggs (Sargeant et al. 1998; Larivière 1999) . Furthermore, although impressions in artificial eggs often reliably identify nest visitors, such indirect evidence does not necessarily prove that those visitors are predators of real eggs (Bayne and Hobson 1999; Rangen et al. 2000; Maier and DeGraaf 2001; Moore and Robinson 2004) . For example, imprints in artificial eggs suggested that northern flying squirrels (Glaucomys sabrinus (Shaw, 1801)) may be potential predators of eggs of marbled murrelets (Brachyramphus marmoratus (J.F. Gmelin, 1789)) (Luginbuhl et al. 2001 ), but captive trials revealed that northern flying squirrels broke only small eggs and did not open larger eggs that approximated the size of marbled murrelet eggs (Flaherty et al. 2000; Bradley and Marzluff 2003) .
Information on the response of Richardson's ground squirrels (Spermophilus richardsonii (Sabine, 1822) ) and the closely related Wyoming ground squirrel (Spermophilus elegans Kennicott, 1863; formerly classified as a subspecies of Richardson's ground squirrels) to eggs of game birds is conflicting. Watters et al. (2002) and Niemuth and Boyce (1995) deployed simulated nests of greater sage-grouse (Centrocercus urophasianus (Bonaparte, 1827)) baited with domestic fowl (Gallus gallus (L., 1758)) eggs to assess levels of predation on sage-grouse nests in southeastern Alberta and southeastern Wyoming, respectively, but used different types of circumstantial evidence to identify predators. Watters et al. (2002) included a plasticine egg in simulated nests and, based primarily on bite marks in the artificial egg detected during a single inspection after a lapse of 27-32 days, they inferred that Richardson's ground squirrels had depredated 53% of 238 nests. In contrast, Niemuth and Boyce (1995) used only real eggs and, based on shell fragments and tracks detected at 3-day intervals over 28 days, they inferred that ground squirrels (primarily S. elegans; N.D. Niemuth, personal communication) depredated less than 8% of 252 nests. In a field study designed to observe the response of squirrels to eggs, Sargeant et al. (1987) reported that Richardson's ground squirrels at two sites in North Dakota and one site in Saskatchewan never attempted to depredate eggs of blue-winged teal (Anas discors L., 1766) or mallard (Anas platyrhynchos L., 1758) in any of 104 encounters.
When the putative predator in non-observational studies is a rodent with a gape smaller than the maximum width of eggs it is suspected of depredating, investigations of egghandling techniques are warranted. Successful egg-handling techniques include bracing eggs so that force can be applied and gnawing the small end of eggs (Craig 1998; Blight and Ryder 1999 ). Franklin's ground squirrels (Spermophilus franklinii (Sabine, 1822) ) open duck eggs that exceed their gape by lodging eggs under the body, then perforating the shell by biting or by thrusting the egg against the incisors or rostrum (Sowls 1948; Sargeant et al. 1998; J.F. Hare, personal communication; M.A. Sovada, personal communication) . Lack of descriptions of Richardson's ground squirrels opening large eggs, combined with the discrepancy between the observed response of Richardson's ground squirrels to duck eggs (Sargeant et al. 1987 ) and the inferred response to sage-grouse eggs based on signs in artificial eggs (Watters et al. 2002) , prompted me to undertake an observational study to document the reaction of these squirrels to eggs, both real and artificial. In particular, I tested the hypothesis that gape size limits the ability of Richardson's ground squirrels to depredate sage-grouse eggs and sought evidence for egghandling techniques that overcome this limitation. Greater sage-grouse have been extirpated from much of their historic range, extant populations are declining, and the species is listed as endangered in several jurisdictions (Schroeder et al. 2000; Aldridge and Brigham 2003) , so understanding the behaviour of potential nest predators is critical to management efforts.
Materials and methods

Gape size
Maximum gape of Richardson's ground squirrels was determined from adults (n = 14 females ≥12 months old) that died natural deaths during a long-term study of a population in southern Alberta, Canada (Michener 2000 (Michener , 2002 . The mouth was firmly stretched to its maximum possible gape and distance (to 0.1 mm) between the tips of the upper and lower incisors measured with calipers. To determine whether the functional gape of living animals differed from the maximum gape measured on non-living specimens, I measured distinct incisor imprints (those not overlain by other bite marks or claw scratches) made by adult females in pheasantsized clay eggs placed in test clutches during behavioural observations.
Behavioural observations
I obtained longitudinal records on the response of freeliving Richardson's ground squirrels to eggs by observing adults that were individually recognizable from dye marks on the fur and that were under daily observation throughout the active season as part of on-going long-term ecological and behavioural studies in a grassland site in southern Alberta, Canada (49°52′N, 112°43′W; elevation 870 m), (Michener 2002 (Michener , 2004 . Various small passerines that nest on the ground or in low shrubs frequented the site, but none had nested in the home ranges of squirrels chosen as subjects within the lifetimes of those squirrels and no large ground-nesting birds nested on the site. By selecting subjects that were all equivalently inexperienced at handling eggs, I avoided the confounding factor of unknown, and undoubtedly different, individual histories of egg experience that typify most egg-predation studies.
I assessed the response of Richardson's ground squirrels to eggs in June and July 2002, after females had weaned their offspring and were fattening in preparation for hibernation, and in May and early June 2003 and 2004, encompassing late lactation, first emergence of litters from the natal nest, and weaning. I selected adult female Richardson's ground squirrels as the primary subjects for tests because they substantially outnumber adult males (by ≥5:1 by the end of the mating season in late March) and they have high energy demands throughout the active season, first for gestation and lactation and then for fattening (Michener 1989 (Michener , 1998 . Because the purpose of tests was to observe the response of Richardson's ground squirrels to eggs rather than to assess their ability to find nests, test eggs were placed within an area known to be used by each subject.
Three sizes of eggs were selected for tests: medium-sized brown eggs of domestic fowl (obtained from supermarkets) are slightly larger than eggs of greater sage-grouse; eggs of ring-necked pheasant (Phasianus colchicus L., 1758; from The Canadian Pheasant Company, Brooks, Alberta) are slightly smaller; and eggs of Japanese quail (Coturnix japonica Temminck and Schlegel, 1849; from supermarkets) are markedly smaller than eggs of sage-grouse (Fig. 1 ). Eggs were stored in a refrigerator, then allowed to warm passively to room temperature before each test. Length and maximum width (to 0.1 mm) and mass (to 0.1 g) of eggs were recorded. Pheasant eggs most closely approximated the size of greater sage-grouse eggs (Fig. 1) , so artificial eggs made from non-toxic modeling clay (Van Aken International, Rancho Cucamonga, California) were moulded to match the size and shape of pheasant eggs used in trials. I wore latex gloves while handling eggs and I rinsed fresh eggs and artificial eggs with tepid tap water before and after each test. Methodological details of field tests varied with the question being addressed and are described for each experiment.
Richardson's ground squirrels were livetrapped and marked in accordance with guidelines of the Canadian Council on Animal Care and with approval of the Animal Welfare Committee of the University of Lethbridge. A significance level of P < 0.05 was used for tests. Descriptive statistics are reported as means ± SD.
Results
Gape size
The functional gape of live adult female Richardson's ground squirrels (16.5 ± 1.8 mm, n = 12) was significantly smaller (unpaired t 24 = 16.0, P < 0.001) than maximum gape measured on carcasses (26.4 ± 1.3 mm, n = 14). Mean measurements (length by maximum width, mass) of eggs used in trials were as follows -Japanese quail: 34.1 ± 1.7 mm by 26.2 ± 1.0 mm, 12.4 ± 1.4 g (n = 74); ring-necked pheasant: 45.0 ± 1.7 mm by 35.8 ± 1.0 mm, 31.1 ± 2.6 g (n = 101); domestic fowl: 54.6 ± 1.3 mm by 42.1 ± 0.7 mm, 53.1 ± 1.0 g (n = 19). Thus, maximum gape of Richardson's ground squirrels approximated the maximum width of Japanese quail eggs, but functional gape represented 63%, 46%, 43%, and 39% of the maximum widths of quail, pheasant, sagegrouse, and domestic fowl eggs, respectively ( Fig. 1 ).
Do squirrels spontaneously depredate intact eggs?
To determine whether Richardson's ground squirrels (n = 16 post-lactation females) spontaneously open intact eggs, a fresh egg was placed 10 cm from the burrow entrance that had just been entered by the subject, then the animal's response was observed from a distance of at least 15 m after the squirrel re-emerged. Subjects were tested 1-6 times each (mean 4.0 tests; mean interval between tests 3.3 days) with the same egg species at various times of day in mid-June 2002 for a total of 64 tests (31 domestic fowl, 15 pheasant, 18 quail). Females did not approach test eggs on 10 trials, looked at but did not contact eggs on 15 trials, and made physical contact with eggs on 39 trials. Physical contact involved touching the egg with either the nose (31 trials) or the mouth (6 trials) or nudging with the snout (2 trials). Contacts were brief (<10 s) and no intact eggs were damaged.
Do squirrels scavenge damaged eggs?
Richardson's ground squirrels may not have attempted to open intact eggs because they were unaware that eggs contained edible contents. To assess their propensity to eat egg contents, 12 subjects were re-tested with a freshly damaged egg from which a piece of shell (10 mm by 10 mm (quail), 12.5 mm by 12.5 mm (pheasant), and 15 mm by 15 mm (fowl eggs)) and underlying membrane had been removed, exposing contents within the egg. Subjects were tested 2-6 times each (mean 4.0) for a total of 48 tests (24 domestic fowl, 13 pheasant, 11 quail). Squirrels did not approach test eggs on 7 trials, looked at but did not contact eggs on 8 trials, made physical contact with the shell on 22 trials, and inserted the snout into the breached egg on 11 trials (7 domestic fowl, 1 pheasant, 4 quail), but no squirrels ate egg contents or shells.
Because access to egg contents may have been limited by the size of the opening in the shell, the same 12 Richardson's ground squirrels were next exposed for 4-8 trials each (mean 4.8) to a broken egg for a total of 58 tests (21 domestic fowl, 23 pheasant, 14 quail). Albumin tended to soak into the soil, so squirrels primarily had access to the intact yolk and shell. Eleven subjects consumed some or all of the yolk, commencing on the first (2 squirrels), second (2 squirrels), third (6 squirrels), or sixth (1 squirrel) test. The remaining squirrel did not eat yolk on any of her four exposures, though she carried the broken shell underground on the first trial. Although subjects rarely ate contents on their first encounter with a broken egg, the 11 squirrels that eventually scavenged yolk thereafter ate egg contents on each subsequent test.
To determine whether experience eating damaged eggs altered the response of Richardson's ground squirrels to intact eggs of the same avian species, eight subjects were re-tested for 1-4 trials each for a total of 15 tests with intact eggs (8 domestic fowl, 2 pheasant, 5 quail) in late July. All squirrels contacted the egg with the nose on each trial, usually (12 of 15 tests) within 10 min of re-emergence above ground; although three squirrels nudged the egg on one trial each, none of the subjects attempted to open intact eggs.
Can squirrels be trained to depredate eggs?
The Sargeant et al. (1987) . Mean maximum eggs widths for teal, mallard, and grouse are from Harrison (1979) and for quail, pheasant, and fowl from this study (see Results). Domestic fowl eggs inferred from circumstantial evidence (Watters et al. 2002) to be depredated by Richardson's ground squirrels also had a mean width of 42 mm.
trials in 2002 (spanning several weeks after the end of the reproductive season). Consequently, I made a more concerted attempt to train new subjects to eggs in 2003 using a training technique modified from Haskell (1995) and implemented at a time (11-24 May 2003) that coincided with the normal incubation period of greater sage-grouse in southern Alberta. Subjects were five lactating squirrels whose litters of 6-11 young (mean 8.0) first appeared above ground 15-23 May (mean 20 May) and weighed 156% ± 15% of the mother's concurrent mass (mean litter mass 534 g; mean maternal mass 343 g). Thus, trials were conducted when lactating females were at their peak energy demand for milk production. Pheasant eggs were selected for the training procedure, with the intention of subsequently graduating squirrels to domestic fowl eggs to emulate the egg size used by Watters et al. (2002) . The protocol consisted of pre-training exposure to intact eggs, a two-stage training procedure with damaged eggs, followed by post-training exposure to intact eggs. Fresh pheasant eggs were presented in daily trials as follows (number of days tested with that stage in parentheses): two intact eggs to determine if subjects spontaneously opened eggs (2 days); one intact egg and one egg with the apex removed and contents readily accessible (5 days); one intact egg and one cracked egg with a small piece of shell removed so that access to contents required penetration of the egg membrane (2 days); two intact eggs to assess whether trained subjects would break the shell to access contents (2 days). Thus, the training and post-training tests presented eggs in a sequence that required increasing manipulation to access egg contents. An intact egg was presented with each damaged egg to mimic situations in which a nest visitor encounters a partially damaged clutch (Larivière 1999) . I positioned eggs apex-to-apex in a scrape in the ground within each subject's home range, then retreated inside a farm building to watch and videorecord the squirrel's responses for at least 1 h (mean 65 min), after which eggs were removed. Except for 1 day when inclement weather precluded morning observation, tests were initiated between 0603 and 0802 Mountain Standard Time when squirrels were foraging above ground.
One female was eliminated from analysis as she made physical contact with eggs on only 1 trial; the other four subjects contacted eggs on 9-11 tests in the 11-day testing series for a total of 39 tests with contact. No subjects attempted to depredate intact eggs during pre-training trials. Squirrels contacted the damaged egg on 23 of 28 training trials and consumed contents on 20 of those trials, but they did not eat contents on initial exposure to damaged eggs; three subjects first ate contents on the second exposure and the other on her fourth exposure. Yolk was sometimes partially (3 trials) or completely (1 trial) eaten, but usually (16 trials) squirrels ate only albumin. Three females also ate pieces of shell on four tests. The intact pheasant egg included with the damaged egg was contacted on 8 of 28 trials but only briefly.
Although all subjects gained access to contents of cracked eggs by penetrating the membrane and enlarging the breach in the shell, none opened intact pheasant eggs on posttraining trials. All subjects used the snout or forepaws to nudge or roll eggs on the first post-training test as if searching for a breach in the shell, behaviours they had not exhibited on pre-training trials, but on the second post-training test they sniffed but did not otherwise handle intact pheasant eggs.
Does egg size affect egg depredation?
Because trained squirrels did not open pheasant eggs on their post-training trials, rather than the planned procedure of graduating subjects to domestic fowl eggs I immediately down-graded to smaller eggs and tested subjects with two intact Japanese quail eggs on 4 days between 25 and 29 May 2003. Mothers were no longer restricting their activity to the vicinity of the nest burrow, so they often contacted eggs intended for a neighbouring subject, with the consequence that three subjects contacted multiple test clutches.
Squirrels were deemed to have manipulated a quail egg if they nudged it with the snout or forepaws or if they mouthed the shell while using the forepaws to either roll the egg, lift it off the ground (Fig. 2a) , or pin it to the ground (Fig. 2b) . Three subjects occasionally manipulated quail eggs briefly (<60 s), but did not break them. The other female (hereinafter squirrel A) manipulated nine eggs in six of the nine clutches she visited; she opened two eggs after a few seconds and a third egg after 88 s of manipulation. Squirrel A ate the entire contents and shell of one egg, but twice she ate only a portion of the egg and those damaged eggs were subsequently found and eaten by other squirrels.
After their experience manipulating quail eggs, subjects were re-tested with intact pheasant eggs; squirrels sniffed but did not manipulate pheasant eggs. When given simultaneous presentations of one pheasant and one quail egg, none manipulated pheasant eggs and only squirrel A manipulated quail eggs. She abandoned one egg after 53 s without breaking it, but she was very persistent with another quail egg, accumulating 8 min 51 s of manipulation time in eight bouts of handling but still failed to break the egg.
Subjects were also tested with simultaneous presentation of a quail egg and 30 unshelled sunflower seeds that, like eggs, required removal of the outer covering to access the edible contents. All subjects immediately ate or hoarded sunflower seeds on their first exposure to this novel food. Squirrel A broke a quail egg, but only after eating all available sunflower seeds.
Collectively, over all tests in 2003, squirrel A contacted 25 intact quail eggs, manipulated 12 of them, and broke 4 of those, indicating that some egg-experienced Richardson's ground squirrels exhibit a limited ability to depredate Japanese quail eggs.
Do squirrels retain egg-handling experience?
Prairie birds are seasonal breeders, so eggs are available for brief periods annually. To determine whether eggexperienced squirrels retained awareness that eggs are edible, three trained subjects from 2003 that survived to 2004 were re-tested with intact pheasant eggs on 3 consecutive days during late lactation. Squirrels investigated intact pheasant eggs more on their first test as experienced subjects in 2004 than they had as inexperienced subjects in 2003. One squirrel nudged eggs on the first trial, but ignored them thereafter, and another attempted to bite eggs on all trials, but her attempts were brief (<50 s). Squirrel A nudged, rolled, and attempted to bite pheasant eggs on each trial, accumulating 184, 168, and 158 s of handling time per test, but she did not break any eggs and her extensive handling left no tooth or claw marks on the shells. When manipulating pheasant eggs, subjects used the forepaws to roll the egg in towards the belly, but when they mouthed the egg their teeth slid over the shell and the egg slipped away.
Does shell texture affect depredation?
Domestic fowl and ring-necked pheasant eggs are smooth shelled, as are greater sage-grouse eggs, so the shell provides little purchase for teeth or claws, whereas some Japanese quail eggs are rough because of superficial pigmentation (Soh and Koga 1994) . To determine whether the ability to open eggs is affected by shell texture, trained squirrels that survived to 2004 were next tested on 7 days using intact quail eggs selected from a large pool of eggs that had been ranked independently for texture by two people. None of the three subjects broke shells of smooth quail eggs (n = 5, 8, and 6 eggs contacted during tests). With rough-shelled quail eggs, those same subjects, respectively, broke 0 of 3, 1 of 10, and, for squirrel A, 4 of 8 eggs contacted during tests. The latter two squirrels manipulated some rough-shelled quail eggs extensively (6 min 23 s in 5 bouts of handling and 8 min 05 s in 4 bouts), leaving fine scratches on the shell surface, but still failed to break the egg. On re-testing with pheasant eggs, neither of those squirrels broke eggs, although squirrel A manipulated 4 of the 8 eggs she contacted for 181, 217, 83, and 274 s, displacing them 90, 27, 20, and 97 cm from the test scrape, respectively, before abandoning the eggs. Manipulated eggs were repeatedly rolled over with the forepaws and pinned to the ground or to the belly while squirrel A attempted to bite the shell, but none of the pheasant shells were marred.
Response to artificial eggs
Soft artificial eggs are commonly used in nest-predation studies to record tooth, beak, and claw marks made by visitors to nests, often without confirming that nest visitors which mark artificial eggs also attempt to open real eggs. I included a pheasant-sized clay egg in the test clutch on all trials in 2003, enabling comparison of the squirrels' responses to real eggs and clay eggs. In general, Richardson's ground squirrels treated both artificial and intact avian eggs like other non-edible objects within their home range; they inspected items visually, often briefly sniffed or mouthed them, occasionally defecated while in the test scrape, and sometimes scent-marked eggs by appressing the perianal region while crawling over the egg. Adult squirrels sometimes picked up and moved damaged eggs in the mouth by grasping the distal edge of the breached shell, with the mandible within the rim of the egg and the rostrum external. Squirrels broke none of the intact pheasant eggs (0% of 95) and only 4 intact quail eggs (8% of 50), but they left imprints in 46 clay eggs (42% of 110). Evidence based only on clay eggs would lead to the incorrect inference that Richardson's ground squirrels are major egg predators.
Clay eggs were marked with tooth prints (19), claw prints (16), or both tooth and claw prints (11), and imprints in those eggs were made by adults (18), juveniles (23), or both adults and juveniles (5). Claw marks in clay eggs usually resulted from adult Richardson's ground squirrels walking over the clutch of eggs or from juveniles placing a paw on the egg or tumbling over eggs during social play, rather than from manipulation of the clay egg. Bites in clay eggs typically left one to several paired sets of parallel indentations that corresponded to the upper and lower incisors, with the gouged piece of clay either removed and dropped in the test site (Fig. 2c) or still attached to the egg if the incisors did 
Response of other squirrels to eggs
In addition to the 24 subject adult females, 3 other adult females and 1 adult male Richardson's ground squirrel occasionally contacted eggs but made no attempt to open them. Based on the number of juveniles simultaneously present at test clutches and identification of individually marked juveniles, at least 28 juveniles contacted intact eggs. No intact eggs were broken by juveniles, but 11 juveniles ate contents of eggs that were already damaged.
Discussion
Richardson's ground squirrels in a population in southern Alberta, Canada, often briefly investigated but did not spontaneously depredate intact eggs ranging in size from Japanese quail to domestic fowl. Likewise, Sargeant et al. (1987) observed that Richardson's ground squirrels in three populations in North Dakota and Saskatchewan sniffed but did not manipulate or open eggs of either blue-winged teal or mallard. Histories of animals in Sargeant et al.'s (1987) populations were not known, so the role of previous experience with bird eggs could not be assessed. My observations revealed that individual Richardson's ground squirrels that had previously ignored intact eggs eventually scavenged portions of bird eggs that were already damaged, learned from this experience that intact eggs were edible, and retained this knowledge for at least a year. Nonetheless, even after several exposures to egg contents, no squirrels depredated intact eggs as large as ring-necked pheasant and most did not open Japanese quail eggs, although one squirrel did achieve a 50% success rate when the quail shell was particularly rough. The occasional ability of some Richardson's ground squirrels to open Japanese quail eggs indicates the potential to depredate small and thin-shelled eggs, such as those of many grassland passerines. Indeed, T.E. Mahon and C.L. Mahon (personal communication) observed a Richardson's ground squirrel remove two eggs from a nest of chestnutcollared longspurs (Calcarius ornatus (Townsend, 1837)), a species in which maximum egg width (14.2 mm ; Harrison 1979 ) is smaller than the functional gape of adult Richardson's ground squirrels.
Among sciurid rodents, the threshold size at which eggs are likely to be depredated has been reported for two species, captive northern flying squirrels (Flaherty et al. 2000; Bradley and Marzluff 2003) and free-living eastern chipmunks (Tamias striatus (L., 1758)) (Haskell 1995; Maier and DeGraaf 2000) . My observations suggest that Richardson's ground squirrels are unlikely to depredate eggs larger than those of Japanese quail, especially if eggs are smooth shelled. Although a few of the squirrels that had been exposed repeatedly to damaged eggs did attempt to open intact pheasant eggs by bracing them against the ground or the belly, my observations and those of Sargeant et al. (1987) indicate that, in general, Richardson's ground squirrels show minimal and brief interest in large intact eggs.
In lieu of direct observation of egg predation, identification of nest predators is often based on indirect evidence obtained from tracks, feces, fur, or feathers found in the vicinity of natural and artificial nests, from appearance of the nest and its contents, or from imprints in artificial eggs. My study indicates that imprints in artificial eggs that exceed gape size provide misleading information about the ability of Richardson's ground squirrels to open real eggs equivalent in size to those artificial eggs. Unambiguous identification of nest predators from indirect evidence is further confounded when nests are visited by several predator species, when nest visitors include scavengers, and when parent birds return and disturb depredated nests, sometimes themselves scavenging or removing damaged eggs and nestlings (Brown et al. 1998; Sargeant et al. 1998; Larivière 1999; Pietz and Granfors 2000; Williams and Wood 2002) . The potential for misidentification of predators owing to modification of sign further increases when nests are checked at intervals, rather than kept under continuous surveillance. When, as in Watters et al.'s (2002) study of artificial sagegrouse nests, a single inspection occurred 4 weeks after nest establishment, competing explanations for sign at the nest should be explored to distinguish between primary predators, secondary scavengers, and visitors that investigate nest contents (Major and Kendal 1996; Larivière 1999) . Because artificial nests are not necessarily depredated by the same species as the natural nests they are designed to emulate (Pärt and Wretenberg 2002; Moore and Robinson 2004; Thompson and Burhans 2004) and because imprints in artificial eggs are insufficient evidence to qualify a nest visitor as an egg predator (Ettel et al. 1998; Bayne and Hobson 1999; Rangen et al. 2000; Maier and DeGraaf 2001) , identity of predators requires corroboration by observation.
Among ground squirrels (genus Spermophilus), occasional or frequent predation on eggs or nestlings of passerines in natural nests has been verified by surveillance for S. beldingi Merriam, 1888 by Morton et al. (1993) ; S. franklinii by Sealy (1994) and Pietz and Granfors (2000) ; S. lateralis (Say, 1823) by Liebezeit and George (2002) ; S. tridecemlineatus (Mitchill, 1821) by Pietz and Granfors (2000) , Granfors et al. (2001) , and Renfrew and Ribic (2003); and S. variegatus (Erxleben, 1777) by Ortega et al. (1998; C.P. Ortega, personal communication) . Additionally, S. beecheyi (Richardson, 1829) has been observed depredating eggs of California quail (Callipepla californica (Shaw, 1798)) (Emlen and Glading 1938) , but most ground squirrels seem not to be efficient predators of phasianid or anatid eggs (Errington 1938; Stanton 1944; Sargeant et al. 1987) . Only Franklin's ground squirrels have been unambiguously identified as regular predators of large eggs (Sowls 1948; Sargeant et al. 1987) , but no information is available on how or when individuals acquire the egg-handling techniques that permit them to open eggs of ground-nesting ducks.
Small-gaped mammals can potentially depredate nestlings, which have pliant skin and flexible bodies with appendages, but they are likely to experience difficulty opening rigid ovoid eggs that exceed their gape unless they can apply force against a braced egg. Indeed, least chipmunks (Tamias minimus Bachman, 1839) can open the smaller end of Japanese quail eggs by lodging the egg against the edge of artificial nests (Craig 1998 ) and Franklin's ground squirrels use their own body as the object against which to brace duck eggs (Sowls 1948; Sargeant et al. 1998 ). Richardson's ground squirrel mothers use the mouth to carry infants as old as 3-4 weeks (Michener 1971 (Michener , 2002 , indicating that they are capable of manipulating objects similar in mass to sagegrouse and domestic fowl eggs, but my observations suggest that even when Richardson's ground squirrels attempt to restrain eggs against the ground or the belly, they have limited ability to breach smooth shells that exceed their gape.
Observational studies conducted in four widely separated populations indicate that free-living Richardson's ground squirrels exhibit minimal interest in eggs that range in size from blue-winged teal and ring-necked pheasant to mallard and domestic fowl (Sargeant et al. 1987 ; this study). Studies of populations in which Richardson's ground squirrels are inferred from circumstantial evidence to depredate greater sage-grouse eggs (Watters et al. 2002) are warranted to ensure that management efforts are appropriately matched to the risk of nest predation (Conner et al. 1996; Mitchell et al. 1999) . Surveillance within the 5-week period from initiation of egg laying to hatching of precocious chicks (Schroeder 1997; Aldridge 1998; Aldridge and Brigham 2001 ) is required to establish how frequently Richardson's ground squirrels weighing <400 g gain access to nests of sagegrouse hens weighing >1400 g, (Michener 1998; Aldridge 2000) , to document the response of squirrels with a maximum gape of 26 mm and a functional gape of ≤21 mm to intact sage-grouse eggs which are smooth shelled and have a maximum width of 38 mm, and to distinguish scavenging of damaged eggs from depredation of intact eggs.
